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Genomic structure of mouse PIR-AG, an
activating member of the paired
immunoglobulin-like receptor gene family

Abstract: The gene for one of the activating members of the paired Ig-like
receptor family, Pira6, was isolated from a genomic library and sequenced.
The first of 9 exons in the ~8.2kb Pira6 gene encodes the 5’ untranslated
region, the translation initiation site, and approximately half of the signal
sequence. The second exon encodes the rest of the signal sequence, exons 3-8
each encode a single Ig-like extracellular domain, and exon 9 encodes the
transmembrane region, cytoplasmic tail and 3' UTR with four
polyadenylation signals and six mRNA instability sequences. A soluble form
of PIR-A6 may be generated by alternative splicing. The exonic sequences
account for ~42% of the Pira6 gene and ~34% for the single inhibitory Pird
gene, thus defining Pira and Pirb as genes with relatively short intronic
sequences. Extensive sequence homology was found between Pira6 and Pirb
from ~2kb upstream of the ATG initiation site to the beginning of intron 8.
The Pir genes appear to be distributed in three regions of the proximal end of
chromosome 7 based on the present data and an analysis of currently available
mouse genomic sequence databases. One region contains a single Pir gene
which is almost identical to Pira6, and the other two contain multiple Pir genes
in opposite transcriptional orientations. Potential binding sites for hemopoiesis-
specific and ubiquitous transcription factors were identified upstream of the
Pira6 transcription start sites that reside within the initiator consensus
sequence motif. These results provide important clues to the coordinate
regulation observed for PIR-A and PIR-B expression during hematopoiesis.

The paired immunoglobulin-like receptors of activating (PIR-A) and
inhibitory (PIR-B) isoforms were originally identified in mice on the
basis of limited homology with the human IgA Fc receptor (FcaR) (1, 2).
PIR-A and PIR-B are cell surface glycoproteins containing similar
extracellular regions with six Ig-like domains but distinctive transmem-
brane and cytoplasmic regions. The PIR-A protein has a short cytoplas-
mic tail and a charged arginine residue in the transmembrane domain

that facilitates non-covalent association with an adaptor protein, the Fc
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receptor common 7y chain containing tyrosine-based activation motifs, to
form a cell activation complex (3-6). In contrast, the PIR-B receptor has
an uncharged transmembrane segment and a relatively long cytoplas-
mic tail containing three functional immunoreceptor tyrosine-based
inhibitory motifs, thereby negatively regulating cellular activity via
the SHP-1 and SHP-2 tyrosine phosphatases (7—12). PIR-A and PIR-B
proteins are expressed by many hematopoietic cell types, including
B lymphocytes, dendritic cells, monocyte/macrophages, granulocytes,
mast cells, and megakaryocyte/platelets (4). The PIR ligands are still
unknown, but the cellular distribution of the receptors suggests that PIR
may function in both host defense and early hematopoiesis. Recent
studies of PIR-B deficient mice revealed that PIR-B plays a critical
n vivo regulatory role in B cell responses and dendritic cell maturation,
thereby affecting the balance of Th1/Th2 immune responses (13).

The Pir gene family is located at the proximal end of chromosome 7
(1, 14, 15) in a region syntenic with the human chromosome 19q13
region, where a cluster of structurally related gene families called the
leukocyte receptor complex (LRC) resides (16-20). The LCR genes
include the platelet collagen receptor glycoprotein VI, the NK trigger-
ing receptor (NKp46), the FcaR, the killer Ig-like receptors (KIR), the
leukocyte-associated Ig-like receptors (LAIR), and the closest PIR
homolog the Ig-like transcripts (ILT) (also called leukocyte Ig-like
receptors (LIR) and monocyte/macrophage Ig-like receptors). The geno-
mic organization of the human f/#/Lir genes and their LRC relatives has
been well characterized, but much less is known about the organiza-
tion of the mouse Pir gene region. In previous studies, PIR-B was
found to be invariant and encoded by a single Pirb gene. On the other
hand, PIR-A cDNA clones displayed sequence and domain structural
variability in their extracellular regions and were predicted to be
encoded by 6-10 Pira genes (1, 14, 15). However, genomic DNA blot
analysis with a PIR-A specific probe revealed a relatively simple band
pattern (less than four DNA fragments), possibly indicating conserva-
tion of restriction enzyme sites flanking the Pira genes (1, 14). The
exon/intron organization and the promoter region of the single Pirb
gene have been characterized (14, 15), but information about the Pira
genes has been lacking. The sequence, exon/intron organization and
transcription start sites of the Pira6 gene have been determined in the
present study to allow a comparison of the two types of Pir genes and
their potential transcriptional regulatory motifs.

Materials and methods
Isolation of the PIR-A6 genomic clone

A P1 library (ES-129/0LA P1-4537, Genome System Inc., St. Louis,
MO) containing genomic DNA inserts of 75-100kb was constructed
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by partial digestion of 129/OLA mouse DNA with the Sau3Al
restriction endonuclease prior to ligation into the BamHI site of the
pAd10Sacll vector (21). Screening for P1 clones that contained Pira
genes was performed by polymerase chain reaction (PCR) using a
set of PIR-A specific primers: forward 5'-cccacagagaaccaggat-3' and
reverse 5'-cccagagtgtagaacattgaagatg-3/, which correspond to the
short extracellular membrane proximal/transmembrane region and
the 3’ untranslated region (UTR) of PIR-Al, respectively. PCR prod-
ucts with the expected size of ~150bp were amplified from four P1
clones, and one of them (P16335) was subjected to further character-
ization. To obtain a complete PIR-A genomic clone, the Expand high
fidelity PCR System (Roche Diagnostics Corp., Indianapolis, IN) was
employed using P16335 DNA as a template, a mixture of Taq and
Pwo DNA polymerases, the latter of which has a 3’ to 5’ exonuclease
proofreading activity, and the following primers: forward, 5'-agatgc-
catgtcctgeacctt-3/, corresponding to the 5 UTR and signal sequence
(SS) common to PIR-A and PIR-B, and reverse, 5'-aatggcagtaggctaa-
tacatacacccgaccctect-3, corresponding to the 3’ UTR of PIR-A1 (D).
The PCR was carried out in two stages: (i) initial 2 min denaturation
at 92°C, followed by 10 cycles of 92°C for 10 s denaturation, 65°C for
30's annealing and 68°C for 6 min extension, and (ii) 20 cycles of 92°C
for 10s denaturation, 65°C for 30s annealing and 68°C for 20 min
extension with a 20 section increase per cycle. The resultant PCR
product of ~7kb was subcloned into the pCR-XL-TOPO vector
(P16335-XL4).

Genomic sequencing

To sequence the P16335-XL4 insert DNA, PCR amplification was
used to generate overlapping DNA fragments. Sense and antisense
primers corresponding to the 5’-and 3" end of each of the six extra-
cellular Ig-like domains, the membrane proximal extracellular and
the cytoplasmic regions were designed on the basis of the previously
obtained sequence results from the Pirb and partial Pira genomic
clones and the PIR ¢cDNA clones. The resultant PCR products were
subcloned into pCR2.1-TOPO-TA vectors and sequenced on both
strands by the dideoxy chain-termination method using SequiTherm
EXCEL II DNA polymerase (Epicentre Tech., Madison, WI) and an

automated sequencer (Li-Cor, Lincoln, NE).

Isolation of 5'-and 3’ untranslated regions of Pira6

As the P16335-XL4 genomic clone did not contain the entire 5’-and 3’
Pira UTR, two HindIll fragments, ~9 and ~7.5kb, containing,
respectively, the 5’-and 3’ flanking region of the P16335-X1.4 gene,
were isolated from the original P16335 genomic clone and subcloned
into pBluescript vectors (P16335-5'HIII and P16335-3'HIII) prior to
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nucleotide sequence analysis. One kb of the 5 flanking region of the
ATG translation initiation site in the P16335-5'HIII was searched for
putative transcription factor binding motifs by using the transcrip-
tional factor site database TRANSFAC (22). The nucleotide
sequences of these two genomic fragments were used to validate
the sequence of the P16355-XL4.

Primer extension analysis

To determine the transcription start site of Pir genes, primer exten-
sion analysis was performed according the manufacturer’s recom-
mendation (Promega, Madison, WI), with some modifications.
Briefly, PIR mRNA in 0.5-1 pg of poly(A)* mRNA isolated from
adult BALB/cBy spleen and the WEHI3 macrophage cell line were
extended toward to the 5" end with the IRDye-700 labeled reverse
primer 5'-aagacagagcagggctgtg-3’, which corresponds to the 3" end of
the SS in the first PIR-A exon, and avian myeloblastosis virus reverse
transcriptase. The extended cDNA products were resolved by 7M
urea/3.7% polyacrylamide gel electrophoresis along with nucleotide
sequencing products from the dideoxy-chain termination reaction of
the P16335-5'HindIIl DNA. Alternatively, 5'-rapid amplification of
c¢DNA end (RACE) PCR was performed according to the manufac-
turer’s recommendation (Clontech Laboratory, Palo Alto, CA) using
the reverse primer 5'-caagacagagcagggctgtgaaggtgcagg-3' cor-
responding to the same SS end.

Sequence analysis

Based on the previous sequence data of the PIR-A/PIR-B cDNA
clones and the Pirb genomic clone and the present Pira6 sequence
data, repeat sequences in the PIR-A genomic sequence were identified
using the CENSOR (http://www.girinst.org/Censor_Server.html) (23)
and Repeat Masker (Smit, AFA & Green, P at http:/ftp.genome.
washington.edu/RM/RepeatMasker.html) websites. To characterize
the Pir locus in the mouse genome, the genomic databases of Celera
(http://www.celera.com) and the National Center for Biotechnol-
ogy Information (NCBI) (http://www.ncbinlm.nih.gov/genome/seq/
MmBlast.html) were used to construct the map of the mouse Pir locus.

Results
Cloning strategy and identification of the Pira6 gene

When a 129/0LA mouse P1 genomic library containing insert DNA
with an average size of ~90kb was screened by PCR using PIR-A

specific primers, four PIR-A containing clones were identified.
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Restriction enzyme digestion of these clones followed by hybridiza-
tion with the PIR-A specific probe revealed three different DNA
mobility patterns. One of the clones (P16335) was subjected to long
range PCR using a set of primers corresponding to the 5'UTR/SS and
the 3'UTR of PIR-A. The resultant PCR product (P16335-XL4) of
~T7Kkb provided the PIR-A nucleotide sequence from the translation
start site to the 3'UTR. The P16335-XL4 sequence was found to most
closely resemble (99%) the BALB/c-derived PIR-A6 cDNA sequence,
although the latter cDNA does not encode the fifth amino terminal Ig-
like domain (1). Additional sequence for the complete 5-and 3’
flanking regions was obtained from ~9kb and ~7.5kb HindIIl
DNA fragments of the original P16355 genomic clone (Fig.1). In
view of the possibility that the P16335 clone might contain multiple
Pira genes, 23 subclones with an ~9kb insert DNA and seven
subclones with an ~7.5 kb insert DNA were sequenced. Surprisingly,
all of these subclones were identical, thereby indicating that a single
Pira gene, Pira6, is present in the P16335 P1 clone. The nucleotide
sequence data from these two genomic fragments validated the
P16335-X14 sequence.

Organization of Pira6 exons and introns

The Pira6 gene (GenBank accession number AY216658), ~8.2kb in
size, contains nine exons (Fig. 1). The exonic sequences account for
~42% of the Pira6 gene, a value slightly higher than the ~34% for
the Pirb gene, thus defining Pirb and Pirb as genes with relatively
short intronic sequences. The first Pira6 exon, denoted as 5 UT/SS1,
encodes the 5'UTR, the ATG translation initiation codon, and
approximately half of the signal sequence. The second exon (SS2) is
36bp long and encodes the remaining part of the signal sequence
including the predicted signal cleavage site between threonine (Thr)
and glycine (Gly). Exons 3-8 (EC1 to EC6) each encode a single
Ig-like extracellular domain. Exon 9 (TM/CY/3'UT), the largest
exon (1514 bp), encodes the short membrane proximal extracellular,
transmembrane, cytoplasmic and 3'UT regions. In the 3’ UTR, there
are four classical polyadenylation signals (AATAAA) and six mRNA
instability motifs (ATTTA) (24). All of the Pira6 exon/intron bound-
aries conform to the gt-ag splice-site consensus rule and are phase I,
in that they occur after the first nucleotide of the triplet codon, a
feature characteristic of members of the Ig gene superfamily (Table 1
and Fig. 2).

Possible soluble form of PIR-A6

Two types of PIR-A cDNA clones were identified in previous studies
(1): one encoding a 28 amino acid (aa) membrane proximal extracel-

lular region (ECmp) and the other an 11 aa ECmp. This difference
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Fig. 1. Schematic presentation of Pira6 and Pirb genes. The exon (boxes) organization of the Pira6 and Pirb genes is drawn to the scale indicated, along with
the restriction enzyme sites: B= BamHI, E = EcoRI, H= HindIIl and X = Xbal. Exons encoding particular regions of the receptors are denoted as follows: the 5’
untranslated (5'UT), the signal peptide (SS1 and SS2), the extracellular Ig-like domains (EC1 to EC6), the membrane proximal (ECmp), the transmembrane (TM),

the cytoplasmic (CY), and the 3’ untranslated(3'UT) regions.

was predicted to result from alternative splicing of a mini-exon
encoding a 17-aa ECmp. However, inspection of the 3’ flanking region
of the EC6 exon of Pira6 did not reveal a corresponding mini-exon;
instead, we noted a large potential exon that would encode a soluble
PIR-A6 form. This exon is located 233bp downstream of the EC6
exon (Fig.2). As it is flanked at its 5" end with ‘ag’ as the 3’ splice
acceptor signal, alternative splicing may occur between the EC6 and
this exon. However, this putative exon would encode 39 aa instead of
17 aa, because the predicted splice donor site is ‘at’ rather than ‘gt’,
hence extending the open reading frame an additional 22 amino acids
before a stop codon. The resultant 39-aa region would be hydrophilic
according to Kyte-Doolittle analysis (25) and would not contain a
cleavage signal for glycosyl phosphatidylinositol linkage to the

plasma membrane according to the GPI prediction website (http:/

Exon-intron boundaries of the Pira6 gene

mendel.imp.univie.ac.at/gpi/cgi-bin/gpi_pred.cgi) (26, 27). Five poten-
tial polyadenylation signals (aataaa) are present beyond the stop
codon. Collectively, these features suggest that alternative splicing
may generate a soluble form of PIR-A6.

As the predicted ECmp mini-exon was not identified in the P16335-
XL4 genomic clone, we performed a BLAST search (28) of the Celera
mouse genome database. Among seven genomic sequences identified on
the basis of high homology (> 90%) to the EC6 and intron 9 regions of
the Pira6 gene, three appear to contain a functional ECmp mini-exon
flanked with ‘ag’ and ‘gt’ at the 5’-and 3’ ends, respectively. Interestingly,
the remainder had the same ‘ag’ and ‘at’ sequences at the corresponding
sites as did the Pira6 gene. Not all of these Celera sequences have been
assigned yet to a specific chromosomal region, so this database was not

helpful in computer-assisted identification of these Pira genes.

Amino

Exon Size (bp) 5'-Splice Donor” Intron Size (bp) 3'-Splice Acceptor™” Acid
5'UT/SS1 99 CTCTGTCTTG™" gtgagatgtg 1 154 tctcttccag GACTGACTCT Gly
SS82 36 GTGCTGACAG gtgagtgtgt 2 181 ttacttgcag GGTCCCTCCC Gly
EC1 285 GTGGTGACAG gtgagagaca 3 149 ttctctccag GACACTACTG Gly
EC2 306 CTGGTCTCAG gtgaggagcee 4 1106 ttctatgtag GTAATCTCCA Gly
EC3 285 GTGGTGACAG gtgaggggac 5 126 tctctectag GAATCTATGA Gly
EC4 309 CTCATCTCAG gtaagtccce 6 228 ttcectctag GGCTGTCCAA Gly
EC5 297 CTGATCACAG gtgaggaact 7 235 ttctctttag GACAGCTCCC Gly
EC6 303 ACAGTCTCAG gtgaggtgat 8 2572 aataccacag CCACAGAGAA Ala
T™M/CY/3'UT 1514 TTTAATACTA
*Exon and intron sequences are shown in upper and lower case, and the splice donor (5') and acceptor (3') sequences in bold
“*The exon boundary codons are in italics
Table 1
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tgggcgagagtgtgga t ctecat tgt gggggtt
ggtggaaggagtaccaggaagtgggatatcatttgagatataaacaaatggaatgattaattaaaaaaaaaagaattctg
gtcatattcegtacacctacaacctgtatcccaagaaactcaaataaacctgcacctgtgtggaccagtaaccccatgaca
atataatttgttaactaagcaaaaggacttaggaaaatgatgatggtaagtgatgagacactgatatggctcagtacata
agtgtctgctgccaaaataagacctgactetg caggatccacattggac: tgattgctgaagttgtat
tctgacctccatacatgtgetttgacacacatgcatgtgtatatacaaataaacatagaggcacaaaaacaaacactaaa
aaatgaatagaaatatgtacccttaaaatt acaaacat aaattgtaatg
cccagtcttaatgcctcacttgagactaagaagaaaaagctgtaaatcacagtccaggcagatatacaggaagatectte
tcagaaacatcaaaaatgtt, gaaatatttcacataaaac acacttaaatat
gtactgttgtgtgaaatgttcacacatgtttgctacaatatggccatgacagtaatgtgcacaggtgaggcagacactgg
tggtat gccatctgtgtaagacctaat ctactgectgacctagtcacaccattgaggaagte
agagcatggtgcttagtgggcagttcectetttttgtggggetgetgatatatgaccatgtcatggggactgetetgecte
v v

'TCCCTCAGAAAGGCTCTGTAGCTCTGCCCTCGAGCACAGTTGCAGCCACTGAGGGGAG
'CCTGCTCTGTC! gtgagatgtgaagagggggaggggatactgaggtctggaaa
MetSerCysThrPheThrAlaLeuLeuCysLeu!

cagtgccacaccctgtacc
A A

80 bp
gggacaaatctcttacaaagaactctcttccatgagtgtgtc
LyLeuThrLeuSerLeuTrpIleProValLeuThr
160 bp
ttactt fleercceTe TCC T

glySerLeuProI..ys[-’rc:I1eLe\mrgVal(slnPrc:AspSex'\/alValSex:}\:x:g}x::g’l‘hrl\ana].'I‘hrPh
cr CaCC ACTGTAACAAAGAACA
ePheCysGluGlu’l‘hrI1eGlyAlaAsnGlu’I‘yrArgLeuTerysAspGlyLysLeuTerysThrVal’I‘hrLysAsnL
AACAGAAGCAAGCAAACAAGGCCH

ysGlnLysGlnAlaAsnLysAlaGluPheSerPheSerAanalAspLeuSerAsnAlaGlzGlnTZrGluCysSer lyr
AGCA gacacacaggatcctaggc

SerThrGlnAspGluSerSerGlyTyrSerAspProLeuGluLeuValValThrGr

80 bp
caatgaggcttggggatatttaactgactcctecttctetec . ACCCAGCCTTTCAGCCCAGGCCA
YHisTyrTrpThrProSerLeuSerAlaGlnAlas
GCC TC CTGGCACA TCAT

erProValValThrSerGlyGlyTyrValThrLeuGlnCysGluSerTrpHisAsnAspHisLysPheIleLeuThrVal
CACAGAAGCTC CACAAGACTCAC TACTCTACAAGGAAGTACCACGCCCTGTTCTCTGT

GluGlyProGlnLysLeuSerTrpThrGlnAspSerGlnTyrAsnTyrSerThrArgLysTyrHisAlaLeuPheSerVa

lGlyProValT'hrProAsnGlnArgTrpI lersArngs TyrSerTyrAspArgAsnArgProTyrValT KQS_QKEKQR

tcagccttccatagaatgatattgaaatcatacaggttte
roSerGluSerValGluLeuLeuValSerGr

1040 bp

'AATCTCCAAAAACCAACCATCAAGGCTGAACCAGGATCTGTGATCACCTCCAAAAGAGCAAT
lyAsnLeuGlnLysProThrI leLysAlaGluProGlySerValIleThrSerLysArgAlaMe
T AGCCi ACAGAGCACAC

tThrIl eTrprsGlnGlyAsnLeuAspAl aGluvValTyrPheLeuHisAsnGluLysSerGlnLysThrGlnSerThrG
AGACCCTACAGCAGC TCATCCCTTC AACAAC AATATCGCTGT
lnThrLeuclnGInProGlyAsnLysGlyArgPhePheI lePheSerValThrGlnGlnHisAlaGlyGlnTyrArgCys

tctgacttctatgtar

‘GACC

CAGCTCAGC ACAGCCC. ACCC Gotgaggggacagtcagatt
‘I‘erysTyrSerSerAlaGly’I‘rpSerGlnProSerAspThrLeuGluLeuVaIVal’I‘hrGr

80 bp

gta tcattctctectagl
IlyIle’l‘yrGluTyrAsnGluProA:gLeuSerLeuLeuProSerProValval

AGACC TCAT
ArgProGlyGlyAsnMetThrLeuH1sCysAlaSerGlnG1yH1 sTyrAspLysPheIleLeuThrLysGluAspLysLy|
AT ACAACCC
sPheAlaAsnAlaLeuAsp‘I"hrGlqusIleSerSerSerArgGlnTyrGlnAlaLeuPheIleIleGlyProThrThrP
CA >CC AA
roThr!—hsThrG1y‘I‘hrPheArgCys'1‘yrGlyTererysAsnThrProGlnLeuszSerValProSerAsnLeuGln
CAAATCC taagtccccactgtcattctctaaacattt a tttgccacaggcctge
GlnIleLeuIleSerg!

160 bp

! C.

AyLeuSerLysLysPrn erLeuLeuThrHisGlnGlyHisIleL

TTTCTC AC

sPheSerAspMetAsnTyrAspArgPheAlaLeuHisLysValGlyGlyAlaAspIleMetGlnHisSerSerGlnGlnT

CTGA TGGCTTT AATAC

hrAspIl eGlyPheSerValAlaAsnPheThrLeuGly‘l‘y’rVal SerSerSerThrGlyGlyGlnTyrArgCysTyrGly
e

GCACACAACH tcaacagacc
AlaH:LsAsnLeuSerserGluTrpSerAlaserSerGluProLeuAspIleLeulleThrGr

160 bp
tgtgattggagctcagaacaagggtgctagectctcatcatgectettetettta

roGlyMetThrLeuThrLeuGlnCy

‘CTCTCACTCCTTCCC
1yGlnLeuProLeuThrProSerL
TCTCAGTGCAGCCTAACCACACAGTGCACTCAGGAGAGACCGTGAGCCTGCTGTGTTGGTC:
euSerValGlnProAsnHisThrValHisSerGlyGluThrValSerLeuLeuCysTrpSerMetAspSerValAspThr
TTCATTCTGTCC
PheIleLeuSerLysGluGlySerAlaGlnGlnProLeuArgLeuLysSerLysSerHlsAspGlnGlnSerGlnAl aGl

ATTCTCC TC TTCTACCTCT
uPheSerMetSerAlaValThrSerHlsLeuSerGlyThr’I‘yrArgCysTyrG1yAlaGlnAspSerSerPheTereuL
AGTGCCC dotgaggtgatcctgacatctcagagtgacttacaattaaca

euSerSerAlaSerAlaProVa1G1uLeuTh:VaISer;l

ctgtatcagggctcttactggggtgggattaagggcacaaatggaatggr tggacat
ctggataccagcaatgacccttcatgtaatattcactcactgt

ttcctgagcaaataa
atatgt

aagaacagcctcttcttgttctgtttcctagGAACCATTGAATCCTCCAGCTGGCCTCCCAAAAGGCCCAACCCACCAAT
1lyThrIleGluSerSerSerTrpProProLysArgProAsnProProIl

TCataagtatcacacacatctttgtaggaaatgtgctgcaa aca taattacact

eHisLysTyrHisThrHisLeuCysArgLysCysAlaAlaAsnThrGlySerLeuThrThrSerSer

tctcatttctgagtta: gcttgggagtatcaaagaccagcaaatatcce ggggctta
actgttgggctac, tagcatcc: tgagcctctacttggatgatgcgacagectgggtaagattgt
gagca agaaagtcacctccccataatatccct aacattt tagaatctgtcccggga

ttactaacaaagactctgttggaatgtaggctcagatgggtaaagctgcttatagcctgataaagctgcagetggagate
ctacttggacagtcccttecattgetgggetgetectttectectgagtatgaatgggagaagectggttcacatgtetgtgt
atttttggtgatggttgaagctgttacctctectgat CC gattctgcagtcagtctagccca
cagcctactgatgcacggcaaggttgggtcaaatagccatggtgggggactectggetgettcagtectagetettggggaa
taattctaagatcctctatgagttctgtgacatccacccttaggagcatcttcaggtgctatacatacctatcteccaat
gtgttgtcatacagcactgactctggagttcatggt ttctgagcet tgtgtca
gtattttccatttacaataaatatcagctagcatagggtttaaaagctgcagagtgtcagtcagatgggtattcactcte
atgagtgtgggaggcaacctgaatccttctagggatgctcectgectaatggaatccaaagatttcatgtagttagaaaaa
ccatttt catat tcctatac ggttcccattgeccaacctettetetcaataaac
aatattcacatgatccctgtcagatcctcactctcagtgtagccatggectatggtgectectgggagaggtataataatt
acaaaccctgttgaaatctgatgaaaacagattcaaatccatacttaattcatgtcagatagaattctctatgatatcta
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gaaaataacaatattcccattaaggaaaacaaaatccaaatgttacaattgatacctattgeccttgtgaagtctgtacee
tttaccttgtgagtgaaatatagaagaagtgactgtaccattcatacttcactgagcagtgacagctacgaatgtcttaa
tctacgccttggtacacctgtet ttggagatgggacct: ctctttaaccttgaccctggga
tcttcttaagtgatggagaaccgtcaccactctcttctcacagtggaacacacactgttgttgcaataacttttgettet
aaagccaagaaaagtaagggtcatgtcagtcagggttaggatctacgcttaacatgccctagtectggtattgagggact
ctaagggaaattccagtggattaacatccactctectttttttgtttgtttgtttgttttacacacacacacagagagaga

cacacagac agagacagagacagagagatcagaa
gtaaggtcagatca aat tctgaacgtgac caacactcactaaaaaaacacactgagaa
tctgattctgtacaacctctgatgtctggtctcactagtatgtaattggttttctattagcacaatgtctgaagaattta
gtaagaataaaagaggggaaccagctgtataacaagaaacattcatcctagaactctataagcttatatggtgaaaatga
tgggcatctccaataaatgatagagtggaactcagaagaaacactaaggttgcttaagtacagattcatcctactectet
tcttctactattctcaggaccagctgagaacatctgttcatgttagaacatgtccaaaacctaggcagtggaataaagag
aattccatgtcatagcacaggaaagagtagaaccttgtectat caacaa gttt gtta

ggaaactttgaccatccctaactactgtaacttctgtatctaatacca cadcc 'Ci
1aThrGluAsnGlnAspHisThrMetGly|
A AGTCGTGGTCTTCATCGTCCTTTCGATTCTAGCCACTGAGGCTTGGCGAAGCCATAG
AsnLeulleArgMetGlyMetAlaValValValPheIleValLeuSerIleLeuAlaThrGluAlaTrpArgSerHisAr|
ACAGACCCACTGTGCAGCTGGGAACTAATCTAAAGAGAAAAGAATGCATCTTCAATGTTCTACACTCTGGGAAATAAAGC]
gGInThrHisCysAlaAlaGlyAsn

TGATGACCCAAAGTTTTCTGTCAAGAGAAAAAACTACTGTTGTGGTATTGAGGAACTGTTGTGATAGAATGTCTAGGAAG
CAAAAGTGTGGGGTTCAGAGGGAAGTGGAATTTTATAATGAGGTGCTTCCTCAATAAATGAATTACTGTCCCTTCACCTA)
CTGGGAGCCTTTGTTTCCTGAACACTCTTCTGAACCCAGAAAGTGAGGGAATAGGCTGTCCCACCTGCCTGGAATATCTT)
TCACCTGTGGATTGTATTTTTCTGTATTTCTTTATG TTATTCATTCACATTTAAAGGCCTCTGTCATCTTTATGAA
TTGTATTTAAGGACAGTTCCTTGTACGTGTGTGAGTGTGCATATACGGGAGGGTTGGGTGTGTGTATTAGCCTACTGCCA)
TTGGGTGTTCTTTCAGGCAACTTGGTGGGCAGGGGCTTGGGAGGCAAAGGCTTAGTTGATGTTCCTTGTGGCAGCAGACC]
TCCTGGAAAGCATGCAGTCCTTGGG! A TCAGTGTAGGTTATTGCTCTTTCCTAAGTATTCAGGGGA
GTTGGCAGGACAGGGCTTGGTGAGGAGATGCTTTACTGGTGTCCCTTAGGTTGACAGCCCTCTGAGTAATCAGGCAGGGT)
TGTGGCTGCTACTATTTTTTAAAGGAACGAACCAATAAAATGACTCAGCAACTATCAGAGCAGCTTCCTCCTGCAGGAGA|
TGGGAACTTATGCAGAAATCCACAACTGAAACTGCACAGAAAGATCTGAAAATCCTGAATCCTGAATGGGTAAACACTTG]
CARAAGAACATTTAGTTTTTCTAACAAGTCACACTGGTACACAAAGCACACTGAAGGGCAGGTCTCATGCCCACCGGTAC
GTGGCCAACACAAAATGAACTCACTGGTATTTTCGAGGTCTGTGCTTATAATGCTTGTCTGTTACATATATATTATGGTG|
ACCTGTCATGTGCTTTTAGACGACTTCAGGGAATTCATAATGTATATGTATAAAAAAAGCACAGTACTACACACCTCACA
AATATACAGTTCTATTTAGCAATGATTCCTGTATAATTAGCAAAAAGATTTTCATTGTTTTCTTCTTCCATTTTTTCCAT)
TCTGTGTGACTACTTACATTATTGTGCCTAATGTCATTTGACTGTAAATTTCATTTGTTTTAATTTTTGTGATTTAAATG|
CATTTATACATCAAATGTATTTGTAATGAGTACTTTGAGAATCATATAATACATAAAAATTTGTTCAACTTTTATATTCA)

TATCCTTTCATACCCTAAATTATCATTAATAAATATTTAATACTdtc cataactgaggattctgcatctaatgctgaate
800 bp

tcacagcagtaaaaccctaactaatacatctggctcagggttaatce

Fig. 2. Nucleotide sequence of the Pira6 gene. The nine exons are indicated
by upper case letters (bold: the translated regions; regular: the untranslated
regions) along with their translated amino acid sequence within the boxes.
A putative exon encoding the soluble form of PIR-A6 and the predicted amino
acids (italics) are indicated without the box, and the ‘at’ rather than ‘gt’ at the
predicted splice donor site is underlined. Partial intronic sequences are shown
in lower case letters with omission of the indicated number of nucleotides.
Arrowheads indicate the transcription start sites. Polyadenylation signals
(AATAAA) and RNA instability sequences (ATTTA) are underlined.

Identification of Pira6 transcription start sites

The largest PIR ¢cDNA clone identified in our previous study was
found to contain a 5UTR of ~40bp (1), thus suggesting that the
transcription start site is in close proximity to the translation start
site (1). To define the transcription start site of the Pir gene more
precisely, we performed a primer extension analysis using mRNA
and reverse transcriptase along with the 5" flanking DNA fragment
of Pira6 as a control. Two different sized cDNA products were
produced by the reverse primer, indicating Pira6 transcription
Initiation 65 bp and 28 bp upstream of the translation start site (see
Fig.2). The same transcription initiation sites were identified by
5" RACE analysis. The primary PIR-A6 transcript is thus ~8200 bp,
which is slightly larger than the ~7900bp primary PIR-B transcript.
The Pira6 gene, like Pirb, does not contain a classical TATA box
upstream of the transcription initiation site. Inspection of the nucle-
otide sequence around the two start sites indicated that the most distal
resides within an initiator consensus sequence YYA NWYY,
where Y, N and W represent C or T, any, and A or T nucleotide,
respectively, and the subscript +1 indicates the position of the
transcription start site (29]; see Fig.2). The proximal site is also



flanked by sequence similar to, but not perfectly matched with,
the initiator consensus sequence. Analysis of the region upstream
of the Pira6 transcription start sites identified a number of sequence
motifs that are predicted to bind various transcription factors (22).
These include hemopoiesis-specific factors (e.g, MZF-1, c-Myb,
Ikaros 2, NF-Y, GATA, C/EBPB (30-32)); and ubiquitous factors
(e.g., AP-1 (Jun/Fos), NF-kB) (Table 2).

Pira6 and Pirb comparison

When the genomic sequence of Pira6 was compared with that of Pirb
by dot matrix analysis, extensive sequence homology was evident
from the 5 ends, corresponding to the ~2kb 5 flanking region,
through the beginning of intron 8 downstream of the EC6 exon
(Fig. 3). Notably, there was poor alignment around the ~4200bp
position of Pira6, a region corresponding to intron 4 between EC2
and EC3. This finding is in agreement with the presence of ~210bp
of additional sequence in the Pirb intron 4 (see Table 3). The numer-
ical comparison of each exon and intron also indicates a high
sequence homology (>80% similarity) between Pira6 and Pirb in
the 5’ flanking region through the EC6 and considerable divergence
thereafter, as expected from the cDNA sequence (Table 3). Although
a microsatellite repeat consisting of the trinucleotide AAG was
observed in the intron between the ECmp and TM exons of the
Pirb gene (14), there were no such repeats in the introns of the
Pira6 gene. However, LINE and SINE repetitive DNA sequences
were identified in both Pirb and Pira6 genes (23). A retroviral trans-
poson reverse transcriptase related sequence was found in the 3’ end
of Pira6 gene (~10,689-11,287). A Blast search of the mouse genome
(http://www.ncbhi.nlm.nih.gov/genome/seq/MmBlast.html) identified
homologous sequences (> 82% nucleotide identity) that were distrib-

uted throughout the genome except for chromosomes 19 and Y.

Overview of the Pir locus

There are substantial gaps in the public and Celera sequence data-
bases around the centromeric region of mouse chromosome 7 where
the Pir genes have been mapped. However, based on our analysis of
currently available sequence, the Pir genes are distributed in three
clusters at the proximal end of chromosome 7 (Fig.4). The first
centromeric cluster includes three genes (Pirb, Pira5, Pira3) in the
same transcriptional orientation. The next cluster contains only a
single Pira gene in the opposite orientation, and is almost identical
(>99%) to the 129/0LA PIR-A6 cDNA. Two predicted pseudogenes,
designated Pl and P2, with weak amino acid sequence hom-
ology (E =4e ™ and E = 4%, respectively) to the rat PIR were found
to flank both these Pir clusters. Two predicted genes with homology to
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the Ilt/Lir were also identified. One gene, Lirh1, is predicted to encode a
protein homologous (E = 6e™>) to a hypothetical mouse protein with
homology (E=3e72!) to the chimpanzee LIRe (Accession number
AAL31878). LirhI is also homologous to mouse Pir (E=1e"%). A
second gene, Lirh2, encodes a protein most homologous (E = 1e=%)
to ILT11. The orientation of the Pi» genes in these two clusters and
the location of the flanking genes in the region extending from
protein kinase Cy (Pkcg) to at least the interleukin 11 (IL-11) gene
were found to be remarkably similar to those of Ilt/Li» and their
flanking genes on human chromosome 19q13.4 (19). However, unlike
the human [I#/Lir locus which is composed of two gene clusters, a
third Pir gene cluster was identified in a region ~4mb distal to
cluster two. This region contained two additional Pira genes that
had no exact match with the previously reported BALB/c-derived
PIR-A cDNA clones and may be novel Pir genes. Moreover, two other
incomplete Pira sequences corresponding to the 3’ end of the genes

were identified in a region distal to the third Pir cluster.

Discussion

The variable PIR-A cDNA clones identified in our previous studies
were predicted to be encoded by multiple Pira genes, but genomic
DNA blot analysis using a PIR-A specific probe revealed a relatively
simple band pattern, suggesting conservation of restriction enzyme
sites flanking the Pira genes (1). In the present study, we used
P1 clones of 129/0OLA mouse genomic DNA in a long range PCR to
characterize the exon/intron organization of Pira genes. The P16355
P1 clone with an insert DNA of ~90 kb was found to contain only one
Pira gene, Pira6. Like the Pirb gene (14, 15), the Pira6 gene was found
to be relatively small (~8.2kb), and ~58% of the gene comprised
intronic sequences. These findings indicate that Pi» belongs to the
type of genes with short introns. The human PIR homolog IIt/Lir
genes also have short introns (17, 18). Notably, the average intron to
exon length proportion for human genes is ~26: 1, with the median
being ~11:1 (33,Fyodor A. Kondrashov, personal communication).
Given the fact that the transcription process in eukaryotes is slow
(~20 nucleotides transcribed per second) and biologically expensive
(at least two ATP molecules per nucleotide), transcription of genes
with short introns is less costly than those with long introns, which
are particularly common in mammals (34). Interestingly, highly
expressed genes have substantially shorter introns than genes
expressed at low levels, and this difference is greater in humans
than in nematodes (33). In this regard, natural selection appears to
favor short introns in highly expressed genes to minimize the cost of
transcription and other molecular processes, such as splicing (33).

Selection favoring short introns is particularly strong for genes that
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Candidate transcription factor binding motifs in the 5'-flanking region of the Pira6 gene

Transcription Sequence
factor St? (Nucleotide position®) Similarity® Cell specificity/function
MZF-1 + catGGGGa (—105)*d 0.97 Important role in the induction of granulopoiesis, linked to the expansion of myeloid precursors
+ aaaGGGGa (—357) 0.97 prior to terminal differentiation
+ aatGGGGa (—996)* 0.98
c-Myb + aatatgtactGTTGtgtg (—330)* 0.92 c-Myb expression is crucial for the survival and proliferation of early hemopoietic progenitors,
acctgactctGTTGacag (—704) 0.91 whereas c-Myb down-regulation is required for terminal differentiation.
lkaros - ctgaGGGAttgg (—67)* 0.92 Key role in the decision to differentiate along the lymphoid lineage, disruption of the Ikaros
catgGGGActge (—105) 0.92 gene leads to severe deficiency in B, T and NK cell development
aaagGGGAacaa (—357) 0.91
ggaaGGGAaaac (—535)* 0.94
— tcttGGGAtaca (—862)* 0.95
aagtGGGAtatc (—947)* 0.96
aatgGGGAggcece (—996)* 0.90
NF-Y + tacCCAAtccc (—70)* 0.93 A ubiquitous heteromeric transcription factor playing an important role in the induction of
— tgtCCAAtgtg (—682) 0.91 gene expression in differentiating monocytes
TCF11 + GTCAtggggactg (—107)* 0.96 TCF11 is widely expressed and vital during embryonic development and has the potential of
- GTCAtatatcage (—123)* 0.98 complex regulation including antioxidant and TNFa responses. Several different isoforms are
- GTCAtggccatat (—288)* 0.95 generated by alternative splicing.
— GTCAtggggttac (—819)* 0.97
+ GTCAtattcgtac (—885) 0.98
GATAL + tgctGATAtatga (—124)* 0.93 GATA1 and GATA2 play key roles in positive regulation of erythroid and megakaryocyte
ggcaGATAtacag (—429)* 0.94 development and negativeregulation of myeloid development. GATA3 expression is
cactGATAtgget (—747) 0.94 restricted to T and NK cells and is required for T cell lineage commitment and differentiation.
- cttggGATAcaggt (—865)* 0.95
+ ttgaGATAtaaac (—933)* 0.92
GATA2 + tgaGATAtaa (—932) 0.94
AP-4 — atCAGCagcc (—127) 0.91 AP-4 is ubiquitously expressed and interacts with both promoter and enhancer regions of viral
— ggCAGCagac (—722)* 0.91 and cellular origins (e.g., Ig k promoter E-box).
c-Rel + gggcagTTCC (—148)* 0.93 A member of the Rel/NF-kB transcription factors, involved in the late phase of T cell activation.
- tggegtTTCC (—237)* 0.95 Rel deficient mice are defective in mitogenic activation of B and T cells and display impaired
- aggatcTTCC (—417)* 0.91 humoral immunity.
AP-1 - tcTGACttect (—173)* 0.93 A role in the modulation of apoptotic pathways and the functional development of
(Jun/Fos) — tgTGACtaggt (—190) 0.91 monocyte/macrophages, granulocyte, megakaryocyte, mast cells and erythrocytes.
ccTGACctagt (—194) 0.90
ttTGACacaca (—625)* 0.90
Table2
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Continued
Transcription Sequence
factor St®  (Nucleotide position®) Similarity®  Cell specificity/function
tcTGACctcca (—645)* 0.90
ccTGACtctgt (—703)* 0.92
NF-«xB — tggegtTTCC (—237)* 0.92 A central role in regulation of several genes linked with immune, inflammatory and apoptotic
processes
NFAT + atgagGAAAcge (—241)* 0.94 Upon T cell activation, NFAT becomes dephosphorylated
+ gaaggGAAAaca (—534)* 0.95 by calcineurin, translocates into the nucleus and regulates
+ acaagGAAAact (—674)* 0.97 transcription of various genes (e.g., IL-2, 3, 4, 13, 15, GM-CSF, TNFao, CD40 ligands, Fas ligands).
+ cttagGAAAatg (—778)* 0.98
C/EBPB — aacttcaGCAAtca (—663)* 0.93 An important regulatory role in macrophage and B cell development, especially as

a regulator of cytokine gene expression during inflammatory responses.

®Forward and reverse strands of DNA indicate + and —, respectively

PAll positions are relative to the ATG translation start site

“Values indicate the matrix similarity of transcription binding site, and the core similarities of all sites listed are 1.000
%Indicates that the Pirb gene has the same transcription factor binding motifs at similar positions

Table2

are required to be expressed at high levels at short notice, such as
. . . . Comparison between Pira6 and Pirb®
stress-induced proteins. The Pir genes, whose products are predicted

%

93
97
99
100
97
26
97
99
76
98
94
93
93
98
82
98
44

PIR-B
Size (bp)
[2070]
100
154
36
181
285
149
306
1320
285
126
309
223
297
260
303
[301]

to be involved in innate immunity, may thus belong to the type of PIR-AG
o Y g ¥p Size (bp) Add Sub Del Differ
genes that are highly expressed at a relatively short notice. _ = —
5’ flank [2070] 27 101 26 154
5'UT/SS1 99 1] 2 1 3
[
- 2 Int 1 154 0 2 0 2
17} [
Bacer  ow0o ] ss2 36 0 0 0 0
Pira6 200 O 0000 =
mra ooyl W W W W W = Int 2 181 0 5 0 5
i o EC1 285 V] 10 V] 10
Pirb N
AN Int 3 149 0 5 0 5
N
'\ EC2 306 0 4 0 4
suTISS L, N
Egﬁ E% N Int 4 1106 3 50 217 270
EC2 N, EC3 285 0 7 0 7
\ Int5 126 0 7 0 7
e : \\ EC4 309 0 21 0 21
ECS5 > Int 6 228 5 11 0 16
EC6 N\,
ECmp EC5 297 0 5 0 5
yﬁcv Int 7 235 0 18 25 43
cY2 EC6 303 0 6 0 6
cY3
cva Int8 [232] 1 58 70 129
CY5/3'UT
. ®Nucleotide sequences of Pira6 and Pirb were aligned by the Clustal method of the DNASTAR
) MEGALIGN program. Addition (Add), substitution (Sub), deletion (Del) and total differences

(Differ) of nucleotides in the indicated regions of Pira6 by comparing with the Pirb sequence
Fig 3. Dot matrix analysis of Pira6 and Pirb genes The DNA sequences of are shown. Values in the percentage column indicate the sequence identity (%) with Pirb. For 5

Pira6 (horizontal) and Pirb (vertical) were analyzed by the DNA Star Dotplot

parentheses was used for this comparison

flanking and intron 8 regions, a part of the nucleotide sequences indicated by numbers in

program using the percentage of 90, the window of 30 and the minimum
quality of 10. Table 3
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Fig. 4. The Pir locus on mouse chromosome 7. Three Pir gene clusters, located ~0.6, ~1.0 and ~5.3mb from the centromere (@) of chromosome 7, and their
flanking genes have been identified by analysis of the Celera and NCBI genomic databases and by the cloning of the Pira6 gene. Gene transcription orientations
are indicated by arrowheads (B or «) except for genes where the transcriptional orientation is unknown. Pirb is the first gene in the most centromeric cluster
along with Pira5 and Pira3, and Pira6 appears to exist in isolation, consistent with the finding of only one Pir gene on the ~90kb P16335 clone. The most
centromere distal region contains two additional Pira genes and two incomplete Pira sequences (dashed lines) that were identified in the Celera, but not the
NCBI, database. Indicated map distances in megabases (mb) are derived from the Celera database. The flanking genes listed above and the respective NCBI
protein accession numbers with the highest homology are: Pkcg, protein kinase Cy (NP_035232); Rps9, ribosomal protein s9 (AAH31746); Lairl, leukocyte
associated immunoglobulin-like receptor 1 (AAM97645); Borg3, binder of Rho GTPase3 (NP_067429); Ly94 (MAR1), mouse activating receptor 1 (NP_034876);
gp VI, platelet glycoprotein VI (XP_145298); Syt5, synaptotagmin 5 (NP_058604); /L1 1, interleukin 11 (NP_032376); V2r4, vomeronasal organ family 2, receptor 4

(NP_033519).

Based on differences in length of the membrane proximal extra-
cellular region, two types of PIR-A c¢cDNA clones were previously
identified: one encoding a longer (28 aa) ECmp and the other encod-
ing a shorter (11 aa) ECmp. We initially considered that this differ-
ence might result from alternative splicing of a mini-exon encoding a
17-aa ECmp, but the data from the present genomic analysis indi-
cates that the difference is due to the presence or absence of a
functional mini-exon. The PIR-A6 cDNA encodes a shorter ECmp,
and the Pira6 gene lacks a functional mini-exon, because the putative
mini-exon is flanked at its 3' end with ‘at’, instead of ‘gt’, and is
thereby incapable of serving as the 5’ splice donor signal to the TM/
CY/3'UT exon. Interestingly, the change of ‘g’ to ‘a’ nucleotide at the
3’ end of the putative mini-exon was also found in other Pira genes
(four out of seven), indicating that this nucleotide change is not
unique for Pira6. As this putative mini-exon is flanked at its 5" end
with ‘ag’ as the 3’ splice acceptor signal, it is possible that alternative
splicing may occur between the EC6 exon and this putative exon,
resulting in a generation of soluble form of PIR-A6 which consists of
six Ig-like domains and a hydrophilic carboxyl tail of 33 aa. This
possibility is consistent with our recent finding indicating that sol-
uble PIR molecules of ~70kDa are present in sera of various strains
of mice at concentrations ranging from 10 to 50 ng/mL (Dong-Won
Kang and HK, unpublished). A soluble form of ILT/LIR has also been
reported (35). It remains unresolved whether these serum PIR pro-
teins are products of the alternatively spliced PIR-A transcripts or
result from proteolytic cleavage of cell surface PIR proteins.

Comparison between the Pira6 and Pirb genes revealed extensive
homology from ~2kb 5 flanking region of the ATG initiation site to
the beginning of intron 8 (i.e., downstream of the EC6 exon) and
considerable divergence thereafter. This genomic structural feature is
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also preserved in the genes encoding the activating and inhibitory
isoforms of the human PIR homolog ILT/LIR (16-18). Another
similarity in the genomic organization of Pir and Ilt/Lir is that the
transmembrane, cytoplasmic and 3" UT regions of the activating
isoforms are encoded by a single exon, whereas the corresponding
regions of the inhibitory isoforms are encoded by six exons. One clear
distinction between Pir and [lt/Lir is that the ECmp regions are
encoded by two mini-exons for both inhibitory and activating iso-
forms of the [lt/Lir genes, but by a single mini-exon for the inhibitory
Pirb gene and some of the activating Piva genes. The remaining Pira
genes, like Pira6, lack the ECmp mini-exon. The number of exons
encoding Ig-like domains also differs between Pir and llt/Lir: six for
Pir and four for lt/Lir. Intriguingly, two predicted genes (Lirh1 and
Lirh2) similar to an Ilt/Lir gene in the chimpanzee (Pan troglodytes)
and ILT-11 in humans were found during the analysis of Celera and
NCBI databases, but whether these genes indeed encode a protein
remains unclear.

The alignments of multiple Z//Lir genes have been established in
relation to other members of the LRC (e.g., NKp46, FcaR, KIR and
LAIR) on human chromosome 19q13.4 (17-19). The [lt/Lir genes
consist of two inverted, duplicated clusters separated by ~200kb of
DNA including Lair and other genes. Each of the two clusters spans
~150kb of genomic sequence immediately centromeric to the Kir
genes. Together they comprise 13 [lt/Lir genes (17, 19). In contrast,
the alignments of multiple Pi» genes on mouse chromosome 7 have
not yet been determined. Based on the present results and the avail-
able data in the Celera and NCBI mouse genome database, it appears
that the Pir genes are located in three regions of the proximal end of
chromosome 7. The middle region contains only a single Pir gene
that is almost identical (> 99%) to the 129/OLA Pira6 described here,



which may account for the existence of only one Pir gene on the P1
clone we analyzed. The most centromeric region includes three Pir
genes (Pirb, Pira5, Pira3) in an opposite orientation to the other Pir
genes, similar to the situation with the human ZI#/Lir genes (17-19).
The flanking genes and their transcriptional orientations are also
well conserved between mice and humans. Interestingly, unlike the
human [lt/Lir with only two gene clusters, a third Pir cluster was
identified in the most centromere distal region where two additional
Pira genes and two incomplete Pira sequences were found. This cluster
of genes was found in the Celera but not the NCBI mouse genome
database. A comparison of this region in the two databases revealed
that the Celera sequence is nearly 1 mb longer, which would account
for the absence of the third Pir gene cluster in the NCBI database.
Based on the number of unique Pira cDNA sequences that have been
isolated, additional Pira genes must exist in unsequenced regions of the
mouse genome. The identification of activating and inhibitory pairs of
chicken Ig-like receptors as distant relatives of the mouse Pir and
human [lt/Lir genes suggests the existence of a common ancestor,
prior to separation of the avian and mammalian lineages (36).

The identification of the transcription start sites of Pir genes will
provide the framework for future studies on gene regulation. Our
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